Background/Purpose: The rapid shallow breathing index (RSBI) is a weaning parameter usually measured at the start of a spontaneous breathing trial (SBT). This study investigated the value of RSBI measured at the beginning and termination of SBT as a predictor of weaning outcome. Methods: RSBI was measured during the initial 1 minute (RSBI 1 ) and at termination (RSBI 2 ) of an SBT in 172 patients recovering from acute respiratory failure. Results: Weaning was successful in 106 patients and failed in 66 patients. Among the 66 patients with weaning failure, 12 required reintubation within 48 hours (extubation failure), and the remaining 54 patients could not be extubated after SBT (trial failure). There were no differences between RSBI 1 in the three groups (69.4 ± 27.5, 81.7 ± 24.4 and 75.5 ± 26.5, respectively), but RSBI 2 was significantly higher in patients with extubation failure (95.9 ± 20.6) and trial failure (98.0 ± 50.0) than in patients with weaning success (64.6 ± 26.3) (both p < 0.001). Logistic regression revealed that RSBI 2 was superior to RSBI 1 and various physiologic indices in predicting weaning outcome. For the 118 extubated patients, the mean area under the receiver operating characteristic curve for RSBI 2 and RSBI 1 was 0.83 and 0.63, respectively. Using a threshold value of 105, the sensitivity, specificity, accuracy and likelihood ratio for weaning outcome were 0.91, 0.25, 0.85 and 1.38 for RSBI 2 and 0.89, 0.16, 0.60 and 1.06 for RSBI 1 , respectively. Conclusion: This study found that RSBI measured at the completion of SBT was superior to that measured at the start in predicting weaning outcome in critically ill patients. [J Formos Med Assoc 2006;105(5):390-398] 
The use of indices to predict weaning outcome can avoid premature extubation and unnecessary prolongation of ventilatory support. None of the reported indices, however, have been consistently able to predict weaning outcome. Most reported weaning indices have been measured at the beginning of a weaning process, often after a patient has been fully or partially supported by mechanical ventilatory support. Previous study showed that the rapid shallow breathing index (RSBI), the respiratory rate to tidal volume ratio during a spon-*Correspondence to: Dr. Huey-Dong Wu, Department of Integrated Diagno-Therapeutics, National Taiwan University Hospital, 7, Chung Shan South Road, Taipei 100, Taiwan. E-mail: hdwu@ntumc.org taneous breathing trial (SBT), was more accurate and powerful in predicting weaning outcome than other traditional indices. 1 In that study, the RSBI was measured during the first 1 minute of an SBT (RSBI 1 ). This finding was subsequently supported by other studies in adults 2, 3 as well as in children. 4 Several studies, however, have suggested that RSBI 1 may not have adequate accuracy to be used routinely in the weaning process. 5, 6 Our review of the literature found only a few studies that have examined the serial changes in RSBI dur-
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Ping-Hung Kuo, Huey-Dong Wu, 1 * Been-Ying Lu, 1 Mei-Tai Chen, 1 Sow-Hsong Kuo, Pan-Chyr Yang and collected all the data during this study. Baseline gas exchange and weaning parameters, including arterial blood gas, minute ventilation and maximal inspiratory pressure (PI max ), were obtained before the SBT. RSBI was calculated by dividing the average respiratory rate (RR, breaths/ min) by the average tidal volume (V T V V , liters). V T V V was derived from the minute ventilation measured by a hand-held Wright Respirometer (Ferraris Medical Ltd, Hertford, Herts, England).
RSBI 1 was determined immediately when intubated patients breathed room air spontaneously for 1 minute after discontinuation of ventilatory support. The SBT lasted for 2 hours, with the patients in a semirecumbent position and breathing through a T-piece. Throughout the weaning trial, the FiO 2 setting was kept constant while vital signs, pulse oximetry oxygen saturation (SpO 2 ) and hemodynamic status were monitored. RSBI 2 was measured at the termination of the SBT, either just before extubation or before mechanical ventilation was reinstituted.
After the 2-hour SBT, the decision for reinstitution of mechanical ventilation (trial failure) was made by the ICU physicians based on the criteria reported by Chatila et al, 6 which include: respiratory rate > 35 breaths/min; PaCO 2 increment > 5 mmHg; PaO 2 < 60 mmHg; SpO 2 < 90% on 50% inspired oxygen; subjective distress or diaphoresis; heart rate increment > 20 beats/min; systolic blood pressure decrement > 20 mmHg; arrhythmia (an increase in premature ventricular beats > 4/min or new onset of sustained supraventricular rhythm). The ICU physicians also assessed airway competence by observation of the amount of endotracheal secretion and cough strength. All patients who passed the 2-hour SBT were extubated. The ICU physicians did not have direct access to the RSBI data measured by the respiratory therapists.
Definition of weaning outcome
Weaning was classified as successful if patients could maintain spontaneous breathing at 48 hours after extubation; otherwise, weaning was classified as failed. Weaning failure was further classiing unassisted breathing trials. 3, 6, 7 Chatila et al reported that RSBI measured at 30 minutes of an SBT was a better predictor of weaning outcome than RSBI 1 , 6 but another study failed to demonstrate this superiority in postoperative patients. 3 Krieger et al reported that serial measurements of RSBI may be more useful in the weaning process. 7 Nevertheless, the predictive value of RSBI measured at the termination of a 2-hour SBT remains unclear. This study investigated the value of RSBI measured at the beginning and termination of SBT as a predictor of weaning outcome in critically ill patients.
Methods
Patients
This prospective study enrolled 188 mechanically ventilated adult patients with acute respiratory failure who were treated in the medical and surgical intensive care units (ICU) of the National Taiwan University Hospital between March 2000 and July 2002. All enrolled patients had received mechanical ventilator support for more than 48 hours, and were considered to be ready for weaning by the ICU physicians based on the following criteria: (1) partial or complete recovery from acute respiratory failure; (2) adequate gas exchange, as indicated by a ratio of the partial pressure of arterial oxygen (PaO 2 ) to the fraction of inspired oxygen (FiO 2 ) above 150, with a positive endexpiratory pressure (PEEP) of less than 5 cmH 2 O; (3) stable hemodynamics without the need for vasoactive or intravenous sedative agents; and (4) core temperature < 38°C.
Exclusion criteria included significant cardiac ischemia, arrhythmia or left ventricular dysfunction. Patients with prior tracheostomy or who had been intubated with an endotracheal tube < 7 mm in internal diameter were also excluded from this study.
Data collection and measurements
Five well-trained respiratory therapists measured fied into two subgroups: (1) extubation failuredefined as extubation after SBT but requiring reintubation for mechanical ventilatory support in the following 48 hours; (2) trial failure -defined as continued intubation after SBT. The ICU physicians also determined the need for reinstitution of mechanical ventilation after extubation. For patients who received noninvasive ventilation (NIV) after extubation, inability to withdraw from NIV at 48 hours after extubation was also classified as extubation failure in this study.
Statistical analysis
All data are reported as mean ± standard deviation (SD) unless otherwise specified. All categorical variables were analyzed with the chi-square test, except where small size required the use of Fisher's exact test. Means were compared between the groups by independent Student's t test, MannWhitney U test, or the Kruskal-Wallis method, as appropriate. Differences between the parameters within each group were assessed by the paired Student's t test or Wilcoxon's test. Linear regression was used to examine the correlation between variables. Multivariate logistic regression was utilized to identify parameters that independently predicted weaning outcome in the total study population as well as in the 118 extubated patients. The predictive performance of these parameters was also examined using receiver operating characteristic (ROC) curves. 8 Differences between ROC curves were identified using nonparametric comparisons of area under the curve. Standard formulas were used to calculate the sensitivity, specificity, positive and negative predictive values and accuracy of RSBI 1 and RSBI 2 in predicting weaning outcome. The positive likelihood ratio (LR) was calculated using the following formula: LR = sensitivity / (1 -specificity). Statistical significance was set at p < 0.05.
Results
Weaning outcome
Sixteen patients were excluded from the analysis in this study, including three who self-extubated, two who could not tolerate unassisted breathing and who had weaning trials terminated before the acquisition of initial data, and 11 who required immediate reinstitution of ventilatory support and lacked follow-up data. Among the 172 patients included in the final analysis, < 5% were receiving mild sedation with oral benzodiazepines, and all patients could trigger the ventilator before the SBT.
Weaning success was achieved in 106 (61.6%) patients as defined by the ability to maintain spontaneous breathing at 48 hours after extubation. Six patients in this group received transient NIV support after extubation, but all were liberated from NIV within 2 days. The remaining 66 (38.4%) patients had weaning failure, including 12 patients who were extubated after SBT but required reintubation within 48 hours, and 54 patients with trial failure who could not be extubated after SBT. Three patients with extubation failure received NIV after extubation, but all required reintubation within 48 hours.
The causes leading to reintubation included sputum impaction (5 patients), hemoptysis (2 patients), lung edema (1 patient), laryngeal edema (1 patient), septic shock (1 patient) and unclassified (2 patients). The cuff-leak test 9 was performed before SBT in only three (25%) of the 12 patients who required reintubation, and all of them passed the test. The leak test was not performed in the two patients who developed stridor after extubation. There was no mortality associated with the weaning procedures in this study.
Demographic and clinical characteristics
Demographic characteristics including age and gender, and clinical characteristics including the acute physiological and chronic health evaluation (APACHE) II score, 10 duration of mechanical ventilation in the ICU, size of the endotracheal tube, baseline respiratory data before weaning trials, and illness leading to acute respiratory failure, are summarized in Table 1 . There were no significant between-group differences in those variables at baseline.
Changes in parameters during unassisted breathing trials
Changes in hemodynamic and respiratory parameters during SBT in the three groups are shown in Table 2 . Patients in the failure group had significant changes in heart rate, respiratory rate, and diastolic blood pressure during SBT. There were no significant differences in the values of RSBI 1 in the three groups (69.4 ± 27.5, 81.7 ± 24.4 and 75.5 ± 26.5, respectively, p = 0.11). On the other hand, RSBI 2 was significantly higher in patients with extubation failure (95.9 ± 20.6) and in patients with trial failure (98.0 ± 60.0) than in patients with extubation success (64.6 ± 26.3) (both Table 3 summarizes the results of logistic regression and ROC analyses for the total study population (n = 172) and for the 118 extubated patients. RSBI 2 was the most significant predictor of weaning outcome in both groups, with odds ratios of 36.5 and 12.9, respectively (both p < 0.001); while the predictive value of RSBI 1 was low (p = 0.09 and 0.32, respectively). The respiratory rate (RR 2 ) and heart rate (HR 2 ) at the end of unassisted breathing trials were also significant predictors of weaning outcome in the total population. Nevertheless, logistic regression did not reveal any parameters measured before or during SBT that could effectively discriminate those with extubation failure from those with trial failure (data not shown).
Predictive values for weaning outcome
The mean area under the ROC curve for RSBI 2 and RSBI 1 in the total study population was 0.77 (0.69, 0.84) (95% CI) and 0.59 (0.49, 0.67), respectively (Table 3, Figure 1 ). Using a threshold value of 105, the sensitivity, specificity, positive predictive value, negative predictive value, accuracy and likelihood ratio for weaning outcome were 0.91, 0.41, 0.63, 0.62, 0.69 and 1.54 for RSBI 2 , and 0.89, 0.14, 0.62, 0.45, 0.60 and 1.01 for RSBI 1 , respectively ( Table 4 ). The best accuracy of RSBI 2 (0.75) was achieved when a threshold value of 88 was used, with a sensitivity, specificity, positive predictive value, negative predictive value and likelihood ratio of 0.83, 0.64, 0.78, 0.70 and 2.31, respectively.
For the 118 patients who were extubated, the area under the ROC curve for RSBI 2 and RSBI 1 was 0.83 (0.74, 0.92) and 0.63 (0.48, 0.78), respectively (Table 3, Figure 2 ). Using a threshold value of 105, the sensitivity, specificity, positive predictive value, negative predictive value, accu- There were a total of 29 surgical patients included in the final analysis (16.8% of total study population). The medical and surgical patients did not significantly differ in any of the parameters and weaning outcome measured in this study.
Discussion
This study has demonstrated that RSBI, when remeasured at the end of an SBT, is superior to RSBI measured initially and to most physiologic and respiratory indices in predicting extubation outcome. This finding suggests that RSBI represents a useful addition to the prognostic armamentarium during initial attempts to discontinue mechanical ventilation in critically ill patients.
The decision about the timing of extubation or reinstitution of mechanical ventilatory support during a weaning trial is often not straightforward.
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A patient's breathing pattern may be stable for a short period during the weaning process, only to deteriorate a few hours later. 7, 12 On the other hand, 1 minute may not be long enough for a patient to fully develop respiratory drive, so RSBI 1 may not reflect respiratory muscle endurance before extubation. 6, 13 These limitations may contribute to the lower accuracy of RSBI 1 compared to that of RSBI 2 .
In this study, patients with weaning failure had increased RSBI during SBT, suggesting an imbalance between the work of breathing and respiratory muscle capacity between the two time points. Our data favor the notion that RSBI changes during SBT, and RSBI 1 may only afford limited accuracy in predicting weaning outcome. Sensitivity, specificity, and predictive values are of limited value for predicting outcomes in weaning studies because they generally apply to single cut-off points. 14 We calculated likelihood ratios that allow an assessment of changes in pretest probability. 14 The higher positive likelihood ratio of RSBI 2 compared to that of RSBI 1 in this study suggests that additional information/accuracy is gained by measuring the former parameter before extubation. In addition, the area under the ROC curve for RSBI 2 was larger than that for RSBI 1 , indicating that the superiority of RSBI 2 over RSBI 1 was independent of the threshold values. It is interesting that, when a threshold value of 100 was used, the accuracy of RSBI 2 in this study (0.84) was similar to that of RSBI reported by Chatila et al 6 measured at 30 minutes after an SBT (0.85).
The optimal duration of the SBT is unknown. Previous studies on weaning outcome have been criticized for lack of uniformity in the length of weaning trials. Although it has been shown that successful extubation was achieved equally with weaning trials lasting 30 and 120 minutes, 15 the former duration may not be adequate in the critical care setting where severe illness and malnutrition often engender an imbalance between respiratory muscle strength and its load. 16, 17 In this study, RSBI 2 was measured at the end of an SBT that lasted 2 hours. Our results support the usefulness of serial monitoring of RSBI to guide the decision of extubation during the initial attempts of SBT in ICU patients, especially for those who fail to meet the extubation criteria at 30 minutes after an SBT. 6 Weaning failure has been defined as either trial failure after an SBT or extubation failure, 6, 18 and some studies have not made a distinction between these two outcomes. 6, 18 The most important limitation in previous weaning studies, as well as in this study, was that not all patients were extubated after measuring the weaning parameters. 6 This one-institution study was not initially designed to assess the value of RSBI 2 in predicting extubation outcome. Among the 118 patients who were extubated, only 12 (10.1%) required reinstitution of mechanical ventilation within 48 hours. Nevertheless, RSBI 2 was superior to other parameters in predicting weaning outcome in the overall study population as well as in the 118 extubated patients. A recent review of 65 studies of weaning predictors by Meade et al revealed that RSBI 1 was the most promising predictor in trials of unassisted breathing, but pooled results for this parameter were limited (highest likelihood ratio, 2.23). 18 Judging by areas under the ROC curves for all weaning parameters, Meade et al also concluded that none of the variables demonstrated more than modest accuracy in predicting weaning outcome. 18 In this study, the likelihood ratios of RSBI 2 and RSBI 1 in predicting extubation outcome were only moderate or poor (1.38 and 1.06, respectively). In addition, the negative predictive value of RSBI 2 was just 30%, that is, 70% of patients with RSBI 2 > 105 were still successfully extubated. Moreover, neither RSBI 2 nor other functional measurements could distinguish between patients with and without trial failure. Therefore, although our data suggest that a high RSBI 2 is predictive of SBT failure, it remains to be shown whether prospective use of RSBI 2 data would make a difference in weaning outcome. In this study, patients with symptomatic cardiac ischemia or left ventricular dysfunction were excluded, and none of the patients had evidence of significant cardiac ischemia during the weaning trials. However, the heart rate increased significantly in the weaning failure groups and was a predictor of weaning outcome in the overall study population. This is likely due to the use of heart rate as a variable to differentiate SBT success from failure. The extent to which changes in RSBI and other physiologic parameters affect subsequent weaning attempts after initial trial failures remains unexamined. Our preliminary results (data not shown) suggest that the changes in these parameters tend to decrease in subsequent attempts after initial trial failures, which might be due to the patients becoming accustomed to the weaning process, or to improvements in the underlying illness and muscle endurance.
The measurement of RSBI 1 has been shown to be affected by ventilatory support settings 19, 20 and by factors unrelated to respiratory muscle capacity, such as gender, age, endotracheal tube size, body position and underlying illness. 5, [19] [20] [21] Measurements of RSBI can also be affected by the use of sedatives, 22 and the patient's sedation history should be considered when using RSBI to guide weaning decisions. In this study, patients with small endotracheal tube size and intravenous sedation were excluded to minimize the confounding effects of these factors. Nevertheless, caution is needed when extrapolating the results of this study to such patients. A recent study showed that RSBI measured before extubation was also influenced by the application of continuous positive airway pressure. 23 Further studies are needed to evaluate the effects of these factors on the predictive values of RSBI 2 in critically ill patients. A recent study showed that factors affecting airway competence are important predictors of extubation outcomes after SBT. 24 In this study, approximately half of the extubation failures were attributable to factors related to airway patency. Although the ICU physicians judged airway secretion and cough strength before extubation, no objective assessment was performed in the majority of patients, and the cuff-leak test was not performed in the two patients who developed stridor after extubation. Another limitation of this study was the lack of uniform use of NIV in patients with extubation failure before reintubation. Although the use of NIV after extubation has been shown to decrease the need for reintubation, 25 a recent randomized controlled trial failed to confirm this benefit. 26 The extent to which NIV affects the predictive values of RSBI and other weaning parameters remains to be determined. In summary, this study showed that RSBI measured at the termination of an SBT is a superior predictor to RSBI measured at the start of an SBT in determining the likelihood of successful liberation from mechanical ventilation in critically ill patients. Incorporating this index into the bedside monitoring process may provide a more accurate estimate of respiratory endurance before extubation.
